Background
Introduction
Schizophrenia is a highly heterogeneous mental disease. The concept of deficit schizophrenia (DS) was introduced by Carpenter et al [1] to identify a clinically homogeneous subgroup of patients characterized by the presence of primary and enduring negative symptoms, which present as trait-like features of DS patients even during periods of clinical stability. DS patients differ from patients with the non-deficit form of schizophrenia (NDS) in terms of risk factors [2] , gender [3] [4] [5] , neuroimaging correlates [6] [7] [8] , treatment response [9] and long-term clinical outcome [10, 11] . A substantial body of evidence has accumulated supporting the good testretest and inter-rater reliability of identification of the deficit syndrome as a pathophysiologically distinct subgroup within schizophrenia [12] .
To date, numerous studies focusing on the different cognitive components of DS patients have yielded a broad range of findings [13] [14] [15] [16] [17] [18] [19] [20] . The majority of studies consistently reported that DS patients exhibited more severe impairments than NDS patients in general cognitive abilities and executive functions (assessed by WAIS-R and WCST, respectively) [15, 21] and in the ideation fluency domain (assessed by Controlled Oral Word Association Test (COWAT), Animal Naming Test (ANT) and Phonological Verbal Fluency (PVF)) [22] [23] [24] [25] [26] . However, previous reports on the other cognitive domains of DS patients varied considerably. For example, several studies reported a more severe deficit of cognitive flexibility in DS patients relative to NDS patients using Trail Making Test Part B (TMT-B) and Stroop interference measure [23, 24, [26] [27] [28] , while discrepant results were reported from a group comparison based on the flexibility index of TMT-B minus TMT-A [11, 17] and Continuous Performance Test (CPT) [11, 17, 18, 22] . Again, although poorer competence of sustained attention [20, 24] and visuospatial memory [27, 29] in DS patients were found compared with NDS patients, some studies argued against a specific impairment in those two cognitive domains in DS patients [11, 17, 22, 25, 27] . The inconsistencies of these various reports do not allow a congruent understanding of the characteristic neurocognitive profile of DS, which might be attributed to the various clinical and methodological factors including variation of psychiatric symptoms severity, small sample size and different neuropsychological assessment tools.
Psychiatric symptoms, both positive [30, 31] and negative symptoms [32] [33] [34] [35] [36] , and clinical variables such as age at onset [37] , education [38, 39] and gender [39] [40] [41] have been proposed to relate to cognitive impairments of schizophrenia. Recently, clinical symptoms, mainly negative symptoms, were found to mediate the influence of neurocognition and social cognition on functional outcome of schizophrenia [42] . However, up to now, the relationship between neurocognitive impairments and clinical variables in DS and NDS patients has been rarely investigated. Only one study investigated a new 'chaining' habit learning task to show that more severe negative symptoms were associated with more errors on the training phase in DS patients and there were no significant correlations between frontal test measures (e.g. TMT-B, WCST and FAS) and PANSS scores in DS patients [26] . Therefore, the present study aimed to explore the characteristic patterns of neurocognitive impairments in DS and NDS patients and their relationships with clinical variables. The participants were assessed by the comprehensive neuropsychological battery measuring the domains of sustained attention, ideation fluency, cognitive flexibility and visuospatial memory function. The core cognitive domain and its mediation patterns with clinical variables were investigated in DS and NDS patients respectively with a series of statistical processes including profile analysis, Pearson correlation and the multiple regression analysis.
Methods

Participants
The study was approved by the Institutional Ethical Committee for clinical research of ZhangDa Hospital Affiliated to Southeast University and written informed consent was obtained from all participants. A total of 97 clinically stable schizophrenia patients (40 DS and 57 NDS) and 52 healthy controls (HC) participated in this study. The schizophrenia patients were recruited from the psychiatric rehabilitation unit of Yangzhou Wutaishan Hospital, Jiangsu province, China. The eligibility criteria included (1) a diagnosis of schizophrenia according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), and confirmed by the Chinese version of the Structured Clinical Interview for DSM-IV (SCID-I) [43] ; (2) male righthanded Chinese Han patients and age between 20 and 65 years; (3) having stable psychiatric symptoms and antipsychotic medication for at least 12 months based on the medical record. The exclusion criteria for the patients included severe comorbid conditions, such as neurological disorders, head trauma, mental retardation, alcoholism or substance abuse and a history of previous electroconvulsive therapy. The diagnoses of deficit and non-deficit schizophrenia were reached with the help of the Chinese version of the Schedule for the Deficit Syndrome (SDS) [27] . The male healthy controls who were age-and handedness-matched with the patients were recruited from the local community meeting the following criteria: (1) no lifetime history of psychotic, mood, and substance abuse or dependence, ascertained by the Structured Clinical Interview for DSM-IV Non-Patient version (SCID-NP) [44] ; (2) no history of organic brain disorder, mental retardation, or severe head trauma; and (3) no family history of psychiatric disorders.
Clinical and neuropsychological assessment
2.1.1. Clinical evaluation. After obtaining demographic and medication information, the deficit syndrome was determined according to the Schedule for Deficit Syndrome (SDS) [45] , a semi-structured interview by two independent psychiatrists (XBZ and XWT) that achieved a high inter-rater reliability [intraclass correlation coefficient (ICC) = 0.86]. The SDS rated the deficit syndrome as present if two of the following symptoms (restricted affect, diminished emotional range, poverty of speech, curbing of interests, diminished sense of purpose and diminished social drive) had been at least moderately severe, persistent over 12 months and not attributable to secondary sources (e.g., medication side effects, depression, paranoia, and anxiety). Subsequently, total SDS score and the two factors (Factor 1: avolition and Factor 2: poor emotional expression) were calculated [46, 47] . The severity of schizophrenic symptoms was evaluated by the Brief Psychiatric Rating Scale (BPRS), the Scale for the Assessment of Negative Symptoms (SANS), and the Scale for the Assessment of Positive Symptoms (SAPS). BPRS scales were organized into separate positive, negative, disorganized and affect syndromes based on the findings of the most comprehensive factor analysis of the 18-item BPRS [48, 49] . Clinical and demographic data were summarized in Table 1 Processing (Block design) was used. The cognitive variables were further grouped into the four rationally motivated domains as sustained vigilance/attention (hereinafter labeled as sustained attention), cognitive flexibility, ideation fluency and visuospatial memory, based on previous reports regarding cognitive processes assessed by each of the tasks (Tables 2 and 3 ) [24, [50] [51] [52] [53] .
2.2.3. Procedure. The diagnostic information was collected using the SCID and SDS interviews after the participants completed the informed consent and demographics form. Following the interview, the neuropsychological tests were administered individually in a small room, with minimal extraneous stimulation. These tests were assessed under the standard instructions and scoring methods, which required approximately 90 min to administer. All tests were administered to the subjects in the same order and by the same investigators who were unaware of the subjects' status at the time of administration and scoring. Psychiatric assessments such as the BPRS, SANS, and SAPS were completed on the same day. 
Data analysis
The SPSS 13.0 was used for statistical analyses. Data of demographic, clinical and cognitive variables are presented as mean ± standard deviation (S.D.). Continuous and categorical variables were analyzed by the ANCOVA analysis and the chi-square test respectively. Psychiatric symptoms between DS and NDS groups were compared using t-tests.
To combine the neuropsychological variables, the standardized Z scores of each individual test, being created by using control group data across all patients, were summed to calculate the cognitive domain values. Variables in which good performance was represented by lower values (e.g. TMT) were adjusted for sign to ensure that higher Z-scores represented better performance for all variables. Cronbach's alpha and Cohen's d effect sizes [54, 55] were computed for each domain. The profile analysis [56] was performed to compare the mean Z-scores for each neuropsychological test and cognitive domain with age, education, illness duration and drug dose as covariates in order to compare the patterns of neurocognitive impairments between the two subgroups. Pearson correlation was analyzed between neurocognitive domain and clinical variables in two patient groups respectively. The multiple linear regression analysis was further used to determine whether deficits of several cognitive domains are mediated by a certain core cognitive domain in two subgroups. The significance level was set at p<0.05.
Results
Demographic and clinical characteristics
Demographic and clinical characteristics for the subjects are presented in Table 1 . The ANOVA analysis showed significant differences in education (F = 7.513, p = 0.001) but not age (F = 2.795, p = 0.064) among the three groups. LSD post hoc comparisons revealed shorter education periods for DS (p = 0.002) and NDS (p = 0.001) patients relative to HC subjects, while the two patient subgroups did not differ significantly (p = 0.892). Chi-square and T-tests results indicated that DS and NDS patients had no significant differences in the mean age of onset, smoking, the usage of antiparkinson agents or benzodiazepine agents and antipsychotic medicine dosage (chlorpromazine equivalents) except for a longer illness duration (p = 0. 
Neuropsychological evaluation
The general linear model (GLM) analysis revealed significant overall differences among the three groups for every individual neuropsychological measure with age and education as covariates (all p<0.001, Table 2 ). Post hoc comparisons confirmed that both schizophrenia subgroups performed significantly worse than the control group on every cognitive measure (all p<0.05). Furthermore, the DS group showed greater impairment in most neuropsychological measures compared with the NDS group (all p<0.05) except the Stroop interference (p = 0.148). The Cronbach's alpha for the four cognitive domains ranged from 0.648 to 0.803 indicating relatively high internal consistency among the measures (Table 3) . We calculated Cohen's d effect size estimation of the performance difference using the Z-transformed cognitive domain scores between the schizophrenia subgroups for the four cognitive domains ( Table 3 ). The effect sizes for DS vs. NDS ranged from d = 0.742 to 1.176 across four cognitive domains indicating that the DS-NDS differences of all the cognitive domains were significant and achieved moderate to large effect sizes.
Profile analysis of cognitive function in DS and NDS patients
As shown in Fig 1a, the profile analysis revealed a significant diagnosis effect (F (9, 83) = 2.218; p = 0.029) on the pattern of cognitive profiles for the ten cognitive test variables. The DS group showed relatively greater impairment in TMT-A, Digit vigilance test and TMT-B than the other cognitive tests, which led to the steeper slopes for the line adjacent to those three cognitive tests in the DS group relative to those of the NDS group. DS and NDS group did not differ significantly in form or pattern of cognitive profiles (F (6, 86) = 1.503; p = 0.187) when the data of TMT-A, Digit vigilance test and TMT-B were removed from profile analysis. Moreover, the effect of diagnostic subtype on the cognitive domain profiles was also significant (F (3, 89) = 8.348; p<0.001) (Fig 1b) . The lines linked with sustained attention and cognitive flexibility had steeper slopes in the DS group compared to those of the NDS group. This suggested that the significant difference of cognitive profile between two patient groups was attributable to those two cognitive domains: sustained attention mainly assessed by TMT-A and Digit vigilance test and cognitive flexibility mainly assessed by TMT-B in the present study.
Relationships between clinical features and cognitive domains in DS group
Pearson correlation showed that sustained attention function was significantly correlated with the other three cognitive domains while the cognitive flexibility was also correlated with visuospatial memory (Table A in S1 Table) . We then examined the correlations between the clinical variables and performance in the cognitive domains (Table A in S2 Table) . Most clinical variables such as age at onset, education, duration of illness, CPZ-equivalent dose, BPRS and SAPS total score did not correlate significantly with four cognitive domains. However, age was negatively correlated with sustained attention (p = 0.033) and the SANS total score was found to have negative correlations with the four cognitive domains (p<0.05) in the DS patient group. Finally, the correlation between age and SANS total score was further analyzed, showing significantly positive correlation between them (r = 0.314, p = 0.049). Partial correlation analysis was performed to determine the relationship between age, SANS and the sustained attention function. Age was no longer significantly correlated with the sustained attention domain (p = 0.179) when the SANS total score was included as a covariate. This indicated that the relationship of age to the sustained attention function was fully mediated by the negative symptom. Then a series of regression models were developed to determine whether the negative symptom rather than age could predict cognitive performance in DS patients. As shown in Table A in S3 Table, the negative symptom contributed independently to different cognitive domains.
Based on the results in the profile analysis, we hypothesized that either sustained attention or the cognitive flexibility function held the key position in the pattern of cognitive impairments in the DS group. A series of hierarchical regressions were performed to determine whether sustained attention or cognitive flexibility mediated the association between clinical variables and the other cognitive domains in DS patients. Either sustained attention or cognitive flexibility was entered in step one, and the SANS total score was entered one each time in step two, while one of the left three cognitive domains was selected as dependent variable. If changes in other cognitive domains are mediated through the core impairment cognitive domain, then the clinical variable (SANS total score) should no longer be a significant predictor once we account for the core impairment cognitive domain-related variance.
When selected as the core cognitive domain and entered in step one, sustained attention was survived in all regression analyses that the cognitive flexibility (β = 0.688, p<0.001), ideation fluency (β = 0.454, p = 0.003) and visuospatial memory (β = 0.364, p = 0.021) was selected as the dependent variables respectively, while the SANS score lost the contributions to cognitive flexibility, ideation fluency and visuospatial memory respectively (p>0.096). It indicated that sustained attention had a full mediation effect among the negative symptom and the three cognitive domains. However, when cognitive flexibility was taken into account as the core impairment domain, the negative symptom also had the significant contribution to sustained attention (cognitive flexibility, β = 0.583, p<0.001; SANS, β = -0.280, p = 0.025), indicating a partial mediation effect of cognitive flexibility. In addition, the cognitive flexibility was not a significant factor in the regression analysis between the negative symptom and ideation fluency (β = 0.245, p = 0.127), indicating no mediation effect of cognitive flexibility among them. Therefore, these regression analyses in coordination with the profile analysis indicated that sustained attention had a core role in determining the pattern of cognitive impairments in the DS group (as illustrated in Fig 2a) .
Relationships between clinical features and cognitive domains in NDS group
3.5.1. Correlation among cognitive domains, demographic and clinical variables. Firstly, Pearson correlation demonstrated that all the cognitive domains were significantly intercorrelated in the NDS group (p<0.05) ( Table B in S1 Table) .
Secondly, we then examined which demographic and clinical variables were correlated with cognitive domains. As shown in Table B in S2 Table, Thirdly, the correlations between these clinical variables showing significant correlation with cognitive domains were further analyzed. Only age was significantly correlated with illness duration (r = 0.940, p<0.001) and the SANS total score (r = 0.276, p = 0.038). The education factor was not correlated with any other demographic and clinical variables.
3.5.2. Identification of the contribution of clinical variables to cognitive domains. A series of hierarchical regressions were performed to determine the relationships among age, illness duration and the negative symptom. Age was no longer significantly contributed to performance in any of the cognitive domains (p>0.147) when the duration of illness and the SANS total score were taken into account. Thus, the relationship of age to cognitive function was fully mediated by illness duration and the negative symptom, which illustrated that illness duration and the negative symptom, but not age, may make independent contributions to cognitive performance.
The regression models were then developed to determine whether education, illness duration and the negative symptom except age could predict cognitive performance in NDS patients. As shown in Table B in S3 Table, the above three clinical variables (e.g. education, illness duration and the negative symptom) contributed independently to different cognitive domains.
3.5.3. Identification of the core cognitive domain in the NDS patients. The profile analysis indicated that either sustained attention or cognitive flexibility could be the basic cognitive domain in NDS patients. A series of hierarchical regressions were also performed to determine whether sustained attention or cognitive flexibility mediated the association between clinical variables and the other cognitive domains in NDS patients. Either sustained attention or cognitive flexibility was entered in step one, and one of the above three clinical variables was entered one each time in step two, while one of the left three cognitive domains was selected as dependent variables (S4 Table) . When selected as the core cognitive domain and entered in step one, cognitive flexibility was survived in all regression analyses (p<0.004). Education no longer predicted performance in sustained attention (β = 0.041, p = 0.730), ideation fluency (β = 0.084, p = 0.519) and visuospatial memory (β = 0.132, p = 0.337) after variance associated with cognitive flexibility was taken into account. Illness duration lost the contribution to sustained attention (β = -0.022, p = 0.857) and the negative symptom also lost the contribution to ideation fluency (β = -0.197, p = 0.123) and visuospatial memory (β = -0.141, p = 0.300) respectively. It indicated that cognitive flexibility had a full mediation effect among them. However, the negative symptom contributed to sustained attention (cognitive flexibility, β = 0.501, p<0.001; SANS, β = -0.298, p = 0.008), indicating a partial mediation effect of cognitive flexibility to sustained attention.
When sustained attention was taken into account as the core cognitive domain, education (β = 0.247, p = 0.024) and illness duration (β = -0.288, p = 0.008) continued to significantly predict the cognitive flexibility, indicating the partial mediation effects of sustained attention between clinical variables and the cognitive flexibility. In addition, the regression model was not significant (F (2, 54) = 2.768; p = 0.072) when the visuospatial memory was the dependent variable and the negative symptom was entered as step two, indicating no mediation effect of sustained attention between the negative symptom and visuospatial memory. Therefore, cognitive flexibility rather than sustained attention was suggested as the core cognitive domain in the NDS patients. The relationships between the clinical variables and cognitive domains in NDS group are illustrated in Fig 2b. 
Discussion
The present results found that both schizophrenia subgroups performed worse than the control group on every cognitive measure and cognitive domain. DS patients showed greater impairments on almost every neuropsychological measure than NDS patients except the Stroop interference test. The present results are consistent with past studies suggesting that DS patients had greater impairment on each measure of ideation fluency and cognitive flexibility domains (e.g. TMT-B, COWAT and Animal Naming Test) [22] [23] [24] [25] [26] [27] [28] , which are both critical roles of executive function. In addition, the present study found that DS patients performed worse than NDS patients on sustained attention (assessed in Stroop words and colors only, TMT-A and DVT) and visuospatial memory (assessed in Spatial processing and WAIS-RC) tasks. Several previous studies examining those two cognitive domains reported inconsistent results ranging from substantial decline in DS patients [18, 20, 24, 27, 28, 48] to no significant difference between two patients groups [11, 17, 22, 25] . Furthermore, the profile analysis identified significantly different patterns of cognitive profiles between DS and NDS patients group, which was especially attributed to distinct differences in sustained attention (TMT-A and DVT) and cognitive flexibility (TMT-B) functions between two patient groups. Cascella et al. (2008) [22] reported no robust different patterns of cognitive function derived from the profile analysis. These inconsistent results might be due to the aforementioned clinical or methodological confounders including sample size, social environment factor, and different assessment tools [11, 22, 23, 25] .
The present study provided the first evidence that DS patients are characterized by a sustained attention deficit as the core impaired cognitive domain, mediating the negative symptoms on the other three cognitive domains. Consistently, previous studies found that schizophrenia patients with persistent negative symptoms displayed more severe sustained attention impairment in term of TMT-A test [36, 57] or other relative tests [58] . A recent independent empirical study and meta-analysis also pointed out that DS patients may show global cognitive impairments with especially significantly poorer performance on TMT-A test indicating the particular impairment of attention sustainment in DS patients [48] . Furthermore, the worse performance in processing speed and attention function has been reported in the first-episode drug naïve patients with deficit syndrome than in equivalent patients without deficit syndrome [58] . Meanwhile, the present study found that cognitive flexibility was the core impaired cognitive domain for NDS but not DS patients, as cognitive flexibility was shown to mediate the influence of other independent contributors, such as education, duration of illness and the negative symptoms, on the other three cognitive domains in NDS patients. It has been demonstrated that there may be different neural circuitries underlying the diverse components of cognitive function. Sustained attention assessed by measurements such as TMT-A, Stroop words and colors only, and DVT, is regarded as a non-specific lobe-based assignment [48] , while impairment of cognitive flexibility, a component of executive function and assessed by TMT-B, Stroop interference test and continuous performance test, is associated with dysfunction of frontal-striatal regions [18, 48, 59, 60] . Recent neuroimaging studies reported that both DS and NDS groups had structural deficits such as smaller dorsolateral prefrontal cortex [8, 61] and temporal lobes [8] relative to healthy subjects. However, abnormalities of frontal-striatal regions in DS were generally not greater than those of NDS patients [8, 12] , whereas the dorsolateral prefrontal gray matter volume reduction was even more severe in NDS patients [61, 62] . Interestingly, apart from frontoparietal dysfunction [63] , DS patients were consistently reported to have reduced temporal gray [8, [64] [65] [66] and white matter volume [66] compared with NDS patients. This evidence for differential structural deficits might provide a possible explanation for the distinction of a core impaired cognitive domain between DS and NDS patients.
The present study found that the SANS total score was negatively correlated with different cognitive domains in both DS and NDS patients, which was consistent with the most previous studies recruiting undifferentiated schizophrenia patients [41, 42, 67] . Importantly, the present study firstly reported that negative syndrome mediated the distinct core cognitive domain with the other cognitive domains in DS and NDS patients respectively. Additionally, education and illness duration were correlated with performance of cognitive domains in the NDS group rather than the DS group. Illness duration may represent the potential progressive impairment of repeated psychotic episodes on cognitive function in NDS patients [12] . Education, as is well-known, might possibly possess the protective effect on cognitive dysfunction in NDS patients. These correlations implied the possibility of an interaction between cognitive impairments and environmental factors in NDS patients. Nevertheless, the DS patients demonstrate fewer interactions with other clinical variables, which converges with the concept described by Carpenter et al that the deficit syndrome is primary "trait-like" [1] . The disparate mediation pattern of clinical variables and the core impaired cognitive domains supports the hypothesis of the deficit syndrome as a pathophysiologically distinct subgroup within schizophrenia.
Certain limitations and methodological issues of the study should be considered when interpreting the results. Firstly, since all the patients received antipsychotic treatment and partially received the antiparkinson or benzodiazepine agents, it is conceivable that the cognitive side effect of these medications might contribute to the impairment of cognitive function, although the type and dosage of antipsychotic drug and the percentage use of these agents had been well controlled between the two patient subgroups. Future studies could further explore the relationships in regard to the use of the medications and the cognitive functions in the DS patients. Secondly, chronic schizophrenia patients were recruited in the present study to guarantee the status of clinical stability as a requirement of DS categorization. The illness duration in patients with schizophrenia might import the potential confounders for cognitive comparison. The present study attempted to restrict variance due to confounders including gender, fluctuations of psychiatric symptom and social environment. Future studies ought also to consider outpatients, female samples and larger sample sizes. Furthermore, general cognitive function, certain clinical variables such as the premorbid IQ and certain neuropsychological processes were not assessed in this study. For example, verbal memory and social cognition might be important influences on the functional outcome in schizophrenia [68, 69] . Deficit patients have also been shown to have abnormal visual information-processing impairments [70] and aberrant attention bias for negative information [71, 72] . This study did not provide results in these respects and might be biased by the lack of these measures.
In summary, the present findings have provided evidence of both the qualitative and quantitative differences in neurocognitive functions between DS and NDS patients. More severe impairments of almost all individual neuropsychological measures and cognitive domains were found in DS than NDS patients. Sustained attention and cognitive flexibility might possibly be the core impaired cognitive domains for DS and NDS patients respectively. The present study emphasized that the deficit syndrome might be a specific subgroup within schizophrenia, which warrants further investigation of its underlying morphometric brain features and etiopathogenic mechanisms.
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